Helical CT for the study of abdominal aortic aneurysms in patients undergoing conventional surgical repair  by Simoni, G. et al.
Eur J Vasc Endovasc Surg 12, 354-358 (1996) 
Helical CT for the Study of Abdominal Aortic Aneurysms in Patients 
Undergoing Conventional Surgical Repair 
G. Simoni 1, R. Perrone 2, G. Cittadini jr. 2, G. De Caro 2, A. Baiardi 1 and D. Civalleri ~ 
IClinica Chirurgica B and 2Cattedra di Radiologia R, University of Genoa, School of Medicine, Genoa, Italy 
Objectives: To evaluate the reliability of helical computed tomography (CT) as sole preoperative diagnostic technique for 
abdominal ortic aneurysms (A_AA) and to compare these results with the surgical findings. 
Materials: Thirty-three patients undergoing elective surgical repair. 
Methods: Helical CT, Doppler exam of lower limbs, digital angiography, in case of peripheral vascular disease, and 
intraoperative evaluation. 
Results" Helical CT correctly detected, in all cases, the proximal and distal extent of the AAA. The coeliac axis and its 
branches, the superior mesenteric artery and renal vessels as well as the inferior vena cava were always clearly depicted, 
showing anatomical variants or pathological involvement in 14 patients (42.4%). 
Conclusions: Helical CT can be used as the sole method for preoperative imaging of AAA. It allows a complete and precise 
evaluation of size, extent and relationship ofthe AAA, the surrounding vessels and other abdominal structures. 
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Introduction 
Abdominal ultrasound (US), computed tomography 
(CT), magnetic resonance imaging (MRI) and digital 
subtraction angiography (DSA) are all used for the 
diagnosis and assessment of abdominal aortic aneu- 
rysms (AAA). 1 However, each one of these techniques 
lacks the capability to completely display all the 
information ecessary for the preoperative evaluation, 
particularly the extent and size of the AAA, the 
characteristics of the wall, the involvement of the 
visceral vessels, the evaluation of the distal run-off 
and the relationships with surrounding structures and 
their incidental findings. Consequently these proce- 
dures are often used in combination (at a higher 
cost). 
Helical CT has recently been developed, based on 
the principle of continuous canning during constant 
23 x-ray tube rotation and table feed. • It is thus possible 
to perform very fast imaging of a large body volume 
with optimal vessels enhancement, in one breath- 
holding, during a single injection of contrast medium 
(CT angiography). 4'5 
We have evaluated and compared the results of 
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helical CT with those of surgery, assuming surgery as 
the "gold standard". 4 We took into account the 
reliability and accuracy of helical CT in depicting the 
AAA and detecting vascular anomalies and/or other 
lesions in the abdominal region. 
Materials and Methods 
Between December 1994 and May 1995, 33 patients (31 
males and 2 females with mean age 70 + 5 years) with 
asymptomatic AAA >40 ram, diagnosed by 6 US 
screening, were studied by means of helical CT. 
After an initial evaluation with conventional CT 
scans in order to localise the origin of the visceral 
vessels, an helical CT acquisition was performed 
(Hitachi CT-W2000) from the level of the coeliac axis 
(CA) during i.v. injection of 100 ml of non-ionic 
contrast medium (Iopamiro 300, Bracco) by means of a 
power injector at 3 ml/s, with a 25 s delay. No 
circulation tests to calculate the correct timing of 
contrast delivery were performed since, in our experi- 
ence, a 25 s delay achieved a good contrast enhance- 
ment of the vessels in almost all cases. A single breath- 
holding helical scan was performed with a 5 mm slice 
thickness and 5 mm/s table speed at 120 kV and 200 
mA for 40 s, thus resulting in a 20 cm z-axis coverage. 
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Additional distal scans were performed when the last 
scans showed ectatic or diseased iliac vessels in order 
to complete the evaluation to the common femoral 
arteries. Axial images were reconstructed at 2 mm 
increments and were used to generate high quality 
multiplanar reformatted (MPR) images (coronal, sagit- 
tal and curved linear) and, sometimes, toobtain three- 
dimensional (3D) surface rendered images. 
For each patient we evaluated the proximal and 
distal extent, the maximal anteroposterior (AP) and 
transverse (LL) diameters of the AAA and the charac- 
teristics of the wall (calcifications, thrombi). The 
involvement of the renal and/or visceral vessels was 
carefully verified as well as coexisting lesions of 
surrounding structures. Special attention was focused 
on the presence of associated v scular anomalies, uch 
as number and course of the inferior vena cava and 
the left renal vein, and the presence of accessory renal 
arteries. 
DSA was performed through a percutaneous intra- 
arterial (5 cases) or intravenous (5 cases) injection of 
100-200 ml respectively ofnon-ionic ontrast medium 
(Iopamiro 300, Bracco) with AP images only, in order 
to evaluate the distal run-off in patients with asso- 
ciated peripheral vascular disease (PVD) already 
diagnosed by Doppler examination. The results of the 
DSA were not compared with those of the helical CT 
because the sole AP view was inadequate for a careful 
evaluation of the aortic branches. 
During surgery exploration of the abdomen was 
performed as well as of the infrarenal aorta. The renal 
vessels were evaluated after careful isolation and 
mobilisation of the left renal vein; the inferior mesen- 
teric artery and the vena cava were inspected when 
the isolation of the neck of the AAA was accomplished 
and the length of the neck below the lower renal artery 
was measured. Evaluation of the celiac trunk and the 
SMA was not performed, in order to avoid additional 
operative time and possible complications. 
The results of the helical CT concerning the extent 
and the characteristics of the AAA, the renal vessels, 
the inferior vena cava and the other surrounding 
structures were evaluated preoperatively b the senior 
Radiologist and the Surgeon and then reviewed and 
compared with those obtained at surgery which was 
performed in all the cases by the same surgical 
team. 
iliac vessels in all patients. Seven patients, with ectatic 
common iliac vessels depicted in the last scans, 
required immediate additional conventional scans in 
order to complete the evaluation to the common 
femoral arteries. This was accomplished in 2 rain after 
the helical CT scan, without further contrast medium 
administration. Only one patient was unable to breath 
hold for the scheduled time, but no significant motion 
artefacts were detected on the axial images. 
The mean time to complete the examination for each 
patient was 12 + 2 min and 2 additional minutes were 
necessary to obtain real-time MPR images, that could 
be further elaborated in order to better depict vascular 
anomalies. 3D images were not routinely recon- 
structed as these require an average time of 15 min to 
be generated and evaluated (Fig. 1). 
The mean size of the AAAs was 50.4 + 17.9 and 
51.6 + 16.6 mm in the AP and LL planes respectively. 
The neck of the aneurysm was juxtarenal (< 1 cm 
Results 
A 20 cm long z-axis coverage allowed the visualisation 
of the abdominal aorta from the CA to the common Fig. 1. Infrarenal neurysm (MPR and 3D reconstructions). 
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long) in four cases and infrarenal in the remaining 29 
patients. The bottom end involved the aortic bifurca- 
tion in seven cases, the common iliac vessels in 19 
cases, the external i iac vessels in five and the common 
femoral arteries in two patients. Wall calcifications 
and/or mural thrombi were always present. The 
origin of the coeliac axis and its branches, the origin of 
the SMA and the renal vessels as well as the inferior 
vena cava were always clearly detected, showing 
normal anatomic features in 19 patients (57.6%) and 
anatomical variants or pathological involvement (Figs. 
2 and 3) in the remaining 14 patients (42.2%). The data 
are summarised in Table 1. The inferior mesenteric 
artery was not always visualised, being often involved 
in the aneurysm or already thrombosed, as shown at 
laparotomy. In one case the helical CT has shown a 
complete asymptomatic dissection of the posterior 
wall of the infrarenal aorta. The main additional 
findings of the surrounding structures were repre- 
sented by renal cysts (63.6%), gallbladder stones 
(21.1%), accessory spleen (3.0%) and adrenal hyper- 
plasia (3.0%). 
It was possible to explore adequately the abdomen 
in all the cases through a longitudinal transperitoneal 
approach, without related complications and sig- 
nificant additional time. The findings of the helical CT, 
concerning the AAA, the renal vessels and the inferior 
vena cava, were always confirmed and no additional 
lesions or major anatomical variations were detected. 
The pre- and postoperative evaluations of the 
Radiologist and the Surgeon did not differ sig- 
nificantly. In one case, classified infrarenal by the 
Radiologist and juxtarenal by the Surgeon, the surgical 
exploration showed kinking of the aorta at the level of 
the renal arteries. The surgical procedures were 
Fig. 2. Left double renal artery (MPR). 
Fig. 3. Left double renal artery (DSA, same case). 
scheduled on the basis of the helical CT images and in 
no case required modification in the operating room. 
An aortoiliac bypass was performed in 17 cases and an 
aortobifemoral bypass in 16. The latter was the 
treatment of choice in 10 cases because of associated 
peripheral vascular disease with mean ankle/brachial 
index (ABI) of 0.62 + 0.10 and DSA showing stenosis of 
the external i iac and common femoral arteries and/or 
occlusion of the superficial femoral arteries. 
Discussion 
Ultrasonography represents the most reliable and 
cheapest technique for early diagnosis and large scale 
screening of aortic aneurysms but the measurements 
Table 1. Abnormal vascular findings detected by means of helical-CT 
n 
Celiac trunk 
severe calcifications 1 
Superior mesenteric artery 
right hepatic a. from SMA 1 
severe calcifications 1 
Renal arteries 
double 2 
accessory 7 
stenosis 0 
severe calcifications 3 
Renal veins 
left retroaortic vein 1 
Aortic dissection 1 
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are operator-dependent, it lacks of accuracy on the 
level of the neck (longitudinal extent) and tends to 
underestimate the real size of the lesions, as compared 
to CT scans. We found a mean difference of 2.6 mm 
between the measurements performed by US and CT 
scans (US < CT) in a group of 38 AAA and similar 
results have been shown by other authors. 1'7-9 
Until now, conventional CT has been considered the 
most suited method for preoperative imaging. It 
shows both the complete xtent of the aneurysm and 
the surrounding structures but requires a considerable 
amount of contrast medium and relatively long time 
to provide a reliable visualisation of the renal and 
visceral vessels9 
Digital subtraction angiography is commonly 
regarded as the subsidiary exam to CT. It gives useful 
information about the CA, SMA, rer~al arteries and 
distal run-off (i.e. stenosis, anomalies) but its accuracy 
depends on the acquisition of images in different 
planes which is a time consuming procedure requiring 
higher doses of contrast medium. Furthermore DSA 
provides neither details on the characteristics of the 
aortic wall, in terms of thrombi or calcification, nor 
informations on the real size and extent of the AAA 
since the contrast medium only fills the patent 
lumen. 
The combination of CT and DSA allows satisfactory 
preoperative imaging but is expensive and time- 
consuming, with a considerable amount of radiation 
and is not suitable for patients with impaired renal 
function. 11 MRI and MR-angiography have been 
proposed as an alternative and complete technique. 
However, the procedure is time consuming and 
unsuitable for patients who are claustrophobic orhave 
metallic implants. 7'12 
Helical CT has been recently used to assess the aorta 
and its branches with interesting results. 13-15 It is easy 
and fast to perform without any discomfort for the 
patient and the wide variety of image reconstruction 
allows extremely precise evaluation. In our experi- 
ence, according with other authors, 4"5"13-15 it has 
satisfactorily shown the extent, the size and the 
relationship of all the aneurysms studied. A single 40 
s exposure covers 20 cm of the body and allows a 
complete study of the abdominal aorta from the origin 
of the celiac axis down to the iliac vessels. Alter- 
natively a 5 mm beam collimation with a pitch of 2 (10 
mm/s  table speed) can be selected in order to cover 
down to the femoral arteries. The MPR and axial 
images gave precise information on the true cranial 
extent being able to detect he top end of the mural 
thrombus and the presence of wall calcifications at the 
clamping area. In our experience 3D surface rendered 
reconstructions did not offer further details on AAA 
Fig. 4. Left retroaortic renal vein. 
characteristics, compared to the axial and MPR 
images, and were always critically dependent on the 
vessel contrast enhancement. 
A well known advantage of CT is the possibility of 
disclosing venous anomalies (duplication of the vena 
cava, retroaortic left renal vein) which are otherwise 
difficult to visualise. This information allows the 
surgeon to modify the surgical procedure. Unknown 
venous anomalies, can be the cause of life-threatening 
situations and occurred in one juxtarenal AAA with a 
left retroaortic renal vein (Fig. 4). An additional 
advantage of helical CT, as with conventional CT, is 
the incidental finding of concomitant diseases uch as 
gallbladder stones or renal and/or hepatic cyst. 
The comparable results of surgical exploration and 
helical CT show that it allows a complete and precise 
evaluation of size, extent and relationship of the 
aneurysm and good visualisation of its branches, 
surrounding veins and other abdominal structures. 
Compared to the other diagnostic techniques, it is 
cheap, fast to perform, with a low dose of radiation 
and does not require admission to hospital. 
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